A prefeasibility study of a solar power plant project was carried out in order to study and search the best location to install a concentrated solar power plant according to a tender with the Algerian electricity company "SPE" following a specific criteria and methodology in order to obtain a site with a maximum possible irradiation along with other economic constraints. Normally, eleven years of solar irradiation data from an on-ground weather station is needed for site assessment, such data are not available, hence the typical meteorological year irradiation based on satellite imagery results is needed in order to have the accurate value, therefore we can give the right evaluation for the site candidate. Additionally, an analysis of a weather measurement station was carried out to ensure the proper functioning of the weather data reception and analysis processes, and thus to optimize the algorithm of a data logger in order to get the right measurement with a minimum error. The correction algorithm was developed by weather scientists and was added to the data logger main program.
Introduction
For over a century, the world has experienced a major economic growth that humanity had never seen before. The development of industry, the increasing number of vehicles and the increase of the number of household appliances have caused a significant growth in energy demand [23, 34] .Unfortunately, this growth in demand has been mainly covered by importing fossil fuel because of economic considerations. Other factors such as CO 2 emissions, fossil fuel depletion, and national energy independence have not been taken into consideration [5, 16, 17] .
As an alternative to these concerns, the development and implementation of renewable energy is unavoidable. Renewable energy resources are unlimited, widely available and should be exploited [2, 6, 12, 32] .
One of those renewable energy resources is concentrated solar power (CSP), which presents the greatest potential for commercial exploitation because of its nature, because it can be stored in the form of thermal energy, and because it can hybridized. However, not all areas are suitable for this technology; there are certain criteria and methodology in order to select the right place to install the concentrated solar power plant to obtain the maximum efficiency. Also, there are some economic reasons. This paper is divided into 2 sections: We have devoted the first part to present the project and the methodology of the site assessment as well as the typical meteorological year and how to deal with the difference of the gathered solar irradiation from time to another. In the second part, we have presented the correction algorithm in order to optimize the data logger's irradiation measurement.
Site assessment methodology
The purpose of the sitting assessment is to identify and evaluate a certain number of sites for 50 MW or for a larger plant in this country. This assessment has provided the company team with necessary data on which to base development model scenarios to provide a broad roadmap for future project developments. Generally, a potential CSP site will need several years of high-quality onsite data using measurement from weather stations. However, in the current CSP market, such data are not usually available especially for the third-world countries; therefore, we must rely on a number of techniques to provide the most accurate determination of site resource characteristics based on any available information sources. Usually, the on ground solar data needs using meteorological stations for approximately 10 years. Such data is not available in our case; hence, access to satellite-derived DNI is the solution for this study.
In most of the cases, prefeasibility studies use lowquality solar data using satellite-derived DNI, just to approximate areas with the highest radiation [4, 9, 10, 13, 14, 15, 33] . During feasibility assessments and engineering analysis stage, some periods of high-quality measurements are assumed to be available at the site after installing meteorological instruments; nevertheless, these relative shortterm measurements are insufficient because of climate variations from year to year [24, 26, 29, 30] .
Thus, the starting point of the site research, Figure  1 , is done on desk. The site assessment must take into consideration the following elements: Solar resource: Solar resource is a key decision element to determinate the appropriate sites. In this step we have to fix a border of the highest DNI (Direct Normal Irradiation) areas in the selected region or according to the tender requirement. Once the border/provinces are fixed, we need to identify the electrical data.
Transmission lines and electrical substations:
The availability of adequate transmission lines and electrical substations close to the selected terrain is another key element for selecting the appropriate site.
Adequate relief: A second basic requirement is suitable relief. The land area required by a 50 MW solar plant with 6 hours of storage is about 300 hectares. Parabolic trough and power tower plants require land that has a slope less than 2% (50 meters altitude difference). Relatively flat areas of land with sufficient surface, which do not have of course significant residential or commercial development and which do not appear to be in an obvious floodplain can be considered for evaluation and can be candidates.
Other factors were taken into consideration in this approach such as land ownership, water resources, economic benefits/costs, environmental considerations and some other sociological /political issues.
As a result of these approaches, several candidate sites are identified. From these numerous site candidates, an evaluation study is carried out to filter and rate site candidates. The site candidates that have the higher rank are subject of study by a team who usually visits the terrain.
Once the prefeasibility study is done and the matrix of site candidates is drawn, three or four sites that have the maximum rating will be subject of study.
Because the satellite solar imagery is not accurate (Table 1) enough to judge the quality of the site, a weather station is be installed in order to gather the solar data [19, 20, 27, 28] . Figure 2 shows the difference between the measured DNI from a weather station and the one from a satellite. There are always gaps between the two curves [22] .
Experiences and studies carried out for the last 30 years show that it requires at least 11 years of solar data to model the DNI [1, 2, 3] .This means that it is impossible to build CSP in just few years since we do nott have data for 11 years and knowing that satellite imagery of radiation is not enough for the selection. Methods were developed to ease the way of the solar assessment: at the first stage, we gather 11 years of solar data using satellite (Meteonorm software for example), measure one year solar irradiation using on ground radiometers and then the typical metrological year (TMY) is calculated. At the first step, the average amount of the satellite irradiation is calculated for each month. Then it is compared with the measured irradiation. Finally the TMY curve is drawn.
Correction algorithm for solar irradiation measurement
As mentioned previously, once the site candidates are selected, a weather station is built on those who have the highest rank. The satellite imagery is not accurate enough to make the decision and the meteorological station as well.
However, it is believed that the on-ground data is not correct enough; there is always a gap between the weather station and the satellite imagery irradiation. The gap is normal, but the difference is considered significant; therefore, no one can say that one of them is the correct one. In order to approximate the results between the satellite imagery and the meteorological measurement, weather scientists have developed correction algorithms ( Figure 3 and Figure 4 ). These algorithms are added to the data logger program in order to optimize its solar irradiation measurement.
The algorithm for solar position developed by J.J Michalsky, the clear sky model by Richard E. Bird and the subroutine "rotation" to rotate the RSR and track the solar position have been already written in the program of the data logger.
Those algorithms are based on numerous calculations and physical experiments [36] . Other models and algorithms are added to the data logger to improve solar measurement performance and accuracy. The first subroutine s added to adjust some factors in order to obtain realistic results. The second one is Vignola diffuse correction which aims to correct the amount of radiation received by the pyranometer because of certain meteorological disturbance and solar perturbations [31] .
Factor correction:
The air mass coefficient can be used to help characterize the solar spectrum after solar radiation has traveled through the atmosphere. The air mass coefficient is commonly used to characterize the performance of solar cells under standardized conditions [7] .
The air mass is calculated based on the zenith angle of the sun Z (in radian):
(1)
The absolute air mass is calculated by multiplying the air mass value (1) by the product of the ratio between the atmospheric measured pressure P and the atmospheric pressure at sea level P 0 which is 1013.25 mbar.
Other corrections were applied in the algorithm called factor corrections in order to eliminate systematic errors.
An alternative formula to correct the spectral irradiance is the following:
Where AMp is pressure corrected air mass and (ln) is the natural logarithm.
The formula to correct the cosine response is
The diffuser on top of the Li-Cor is shaped to maintain a reasonable cosine response [8 and 21] .
However, this shape results in the peak of responsivity decreasing sharply when the zenith angle reaches about 82°.This is known as the "Cat Ears" affect.
The Cat Ear correction factor is a function of zenith angle. For a zenith angle between 75º and 81º the correction factor is:
Where Z is the zenith angle. For the zenith angle between 81º and 83.2º, the correction factor is:
For all other values the Cat Ear correction factor is 1.
Vignola Defuse Correction:
The code has a purpose to correct the measured amount of radiation received by the pyranometer because of certain meteorological disturbance and solar perturbations. The code makes the corrections after the measurement [11] . The diffuse measurement was corrected using a combination of two diffuse correction algorithms developed by Frank Vignola. For simplicity, the combined correction was called "The Vignola diffuse correction". The Vignola diffuse correction modifies the uncorrected diffuse horizontal irradiance by a function of the uncorrected global horizontal irradiance. For GHIu values less than, or equal to, 865.2 W/m 2 we use Equation (7) to calculate the corrected diffuse horizontal irradiance (GHIc). For GHIu values greater than 865.2 W/m² equation (8) is used to calculate the "diffuse" (the corrected one). A formula for the Li-Cor sensor when the temperature rises above ambient equations was also added in this subroutine [17] . 
Where: DHIc is the corrected diffuse horizontal irradiance, DHIu is the uncorrected diffuse irradiance, and GHIu is the uncorrected global data.
If GHIu is greater than 865.2 kW/m² then the diffuse correction factor is:
After that, we have to ensure that the value of the DNI is null at the time where the sun is set above the horizon which is technically a zenith angle of 90° (89.7333°). Therefore, the total existing radiation is the defused one [3] .
Another correction is implemented in this algorithm provided by Li-Cor solar sensor data sheet.
Tr: Temperature rise of the pyranometer
The formula to correct for the temperature response of the Li-Cor is (T is the temperature of solar cell in Celsius):
And this is used directly in the equation of correction for the Li-Cor global data:
The same equation is used for the second pyranometer.
At night or in the darkness, the pyranometer sometimes gives a negative result; thus, a correction is recommended in order to obtain a realistic result [7, 11, 18, 31] . Hence, if the result is negative, the global horizontal irradiation is null.
In case of wrong measurements, an extra test sequence is added, just to be sure to have the accurate values: If the amount of the direct horizontal irradiation is greater than the global one that means that there are errors; therefore, the diffuse amount receives the global one. Figure 5 shows the difference between the program before the correction and afterwards. The sattelite imagery irradiation measurement is also visualized in this curve. Concerning the sattelite imagery, the used values are expressed in months; thus, the average of the daily solar irradiation is calculated for daily record then it is drawn in the curve constant until the next month.
An anemometer is installed in the data logger in order to measure the wind direction, the wind speed and the wind gust. Such data is important for a CSP plant, knowing that strong wind can harm the reflectors and it could cause several damages.
The anemometer algorithm was added to the program in order to measure the wind speed, wind gust and wind direction.
The anemometer algorithm works as follow: Primarily, a test is necessary to verify if the anemometer is installed or not. Once this test is positive, we can now measure the wind speed using "pulse count instruction". At the second stage, a velocity calibration is needed in order to get the proper measurement, the formula is described in the sensor's datasheet.
Then the wind direction function is performed using "BrHalf ()", mentioned above. For realistic and accurate values, the angle must be between 0° and 360°. Therefore, we have to subtract or add 360° if the measured value is out of this interval.
Technically, we can measure an additional entity using the same sensor: which is the wind gust ( Figure 6 ).
Wind gust is the maximum wind speed measured during a specific period of time. The American Meteorological Society defines wind gust as a sudden brief increase in the speed of the wind. More specifically, the National Digital Forecast Database defines wind gust as the maximum 3-second wind speed (in knots or in m/s) forecast to occur within a 2-minute interval at a height of 10 meters [25] .
Conclusion
This assessment has provided the company team with necessary information on which to base development model scenarios to provide a broad roadmap for future project developments in addition to its main purpose which is building a solar thermal power plant in the Algerian desert.
The project does not stop here; another team will assess the economic feasibility as well as visit the site to contact the landlord and the Algerian Electricity distributer company. The four highest rank site candidates will be subject of study in solar irradiation after installing a meteorological station.
Regarding the second task, a lab test is necessary in a fixed irradiation source to see the difference between the program at the beginning and at its end. The auxiliary subroutines could help to make near the measured values of the weather station and the one captured by the satellite. 
